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t><D5%<Dmi. «3©x< y^>i/m : P(D-miz j tn 

J*£» ±fiiMS2, Ml4©X<f -y^>^^©^Sjjij{c 

mmzifrmmmm-ztitt'sinmEmt, £©asi 
st, lief i> m2<D^!£^<D2'Ammiz^n^nm 

SSnfelL * 2 ©»«»££«*, -kfBMIl, Ml 3 

-r * • ^-r F©RMf£&ira*A©na£&Ku 

1 3077-f*-f^ - ^-r^-h*©feffit$±fBildK« 
«©Ht«te«arr* ? !:i:>bfc» -hiafgl. Mi 2 ©SMI! 

D C/D C 3 >A'-^gI 0 

$tlfe^l~^8©7^1**:-f^ • ^-f^— 

-hEMIl. MI3. $5, W.7 (Dy^^^ )V ■ 
5*--l«©tt«£-hlBJB2, »4, Mi 6. !8©77-f* 

fc, ±EMll. ^3©-7^-f/jN— ;u • y-f h*©^@ 
Wfcl5fc«l«*qftttsnfc*i©sBE»t, ;r©Mil© 

-f ;u • y-r k©»«ihhc i nfcjg 2 

©^ffigg<t, ±EM§1. JS2©£ffi»©2#c#iKlK:-?-ft 

^nmm-z n&jB 1 . ss 2 ©s*ft»£ '±bjb 

1. 813, MI5, 17077-f^^-^t-HODi 
«teiB8Kttai(©RMilCft|ftU ±E*2. *4. MS6, 

©«a»c«arr*tt>bt, ±emii, Mi2©g«gg© 

C/DC3>A'-^gf, 

w*«3] jbi, ^2©^jEgg^-n-?n©i^#^ 

1 *fctt2fB«©DC/DCZl>y\'-^SS. 

1 ~ 3 o^f^l:iEioDC/D c 

mf$,2nz>ti:i>lZ. mi. M§2©^£Eg§©$toW£:2 
^t¥fftcESUT±ffiM»'^W©Sli©*f(6]M^e.± 
IBttJ7jSS^*^l#mL, Mil, *2©S«E»S-€-n-?n 
±EMS1, ^2©^E§g(h-#e<J(cgHgUT, ±13811 


©&jffi«©Wffi£-5-n-€ : ft±ESfl 1 ©SffiH© 2 

©ssatsoTOSs-en-eniejB 2 ©^ssi© 2 
t ±tattj *^©fi7j <t \zi&f0iLfzz.£: t -r s * 

ffil~40^-T^ E*c© D C / D C 3 >M- g 
[■1*916] ft«fc*»tr*fc»©tH*SIIKF3WI6»ft 

«l£$n& »i, 3£2©£JEg©#<£>BP£S 
I > \zWfr tciBS LT±fBM^W©SV » ©**lBjffiri> S ± 

Etu*«Hft§i*mu, jbi. ^©ssra&fc-tn-en 
±e» 1 , * 2 ©arnig© 2 ##*§!©}£?* \ztm lt± 
emii, mi 2 <D$tm&£—temzmm.istcz\ t &&mt 
~rz>n&m 1 ~ 4 ©i^-rn^ tia«©D c/dc^ >a* 

[W#3t7] HI, MI2©g»itgg£, ^-n-^tlttic© 
S**^£&WfcUT*|j5fc-r »1. Mi 2© 

^ffig§©2^#^Sr, ««E©«S*l-5*[RlK»oTia;lt6 

nfc«B&*£#f*##*Ti»jau ±emii, M12 

©^JEE1§© 2 &#*l©±E-8JDi&*l;: «fc D5i-f"J$tlfe^- 
£t* >£m 5 Sfctt 6 E«c©D c/D c 3 >;\'-^gg„ 

[0 0 0 1] 

Bfi9J©JRf -©^HittifisfE • ig8km©£ 

&£fr? D c/D c n >A— ^SfitcWTS fe©t?a& 

/£, T^liiS (10-50V, 5 0 0 ~ 2 0 , 000 AS 
Bt) ffl©*$iDC/DC3>A'- ^^g, FSm/E 
KV) ffi*fflDC/DC3>n-^gf, JEtfi, ilSM 

fc©T&-5„ 
[0 0 0 2] 

[t¥*©S«] 13 4 8 tt^*©D C/D C 3 >M— 
g?r^TlHlS§0-e*D, l~4«Mll~MI4©X-f yf 1 

i ~Mi4 ©x-r y^>ifm^ i-^n^tuzmpmrn. 

[0 0 0 3] 1 2 « 2 ^ffij-fe >^-^ ^^©^JEH 
T'&r). 1 Ott^EEggl 2rtfc^*n*'J-ir-^ — f 

>???>x. i i«^n§§i 2 n\z^ tizmmmo) 

mM^-To 13. 14 te^ffigg 1 2 © 2 ^#^©M« 

«fc»ttsn&j8i. Mi2©s«ffly-f =r-h\ 15, 
^•niattT*o, mil H2©fi«Effly'f^— Hiciwa 

>XT*D> £t±TiSM«LT^5„ 18B 


4$Pfl¥ 10-004680 


[0004] mzmmz-D^xmm-r^. m4 9iz^-r 

nmmnz. ^<Dmm\zm.m-i >tn??>7. 1 7 tc, 
1/2 • i»Loi*w-*i*isn4. fcfc'u 1 
ttSLSt-f ^ >x 1 7 tzffiftznm. l ttB«E'f > 

[000 5]I1, ^4®Wy?>^f L 4**:* 
W$rf>?>?9>7* 1 7tcSx.e.nfeX^. 
JWr— 14. Sf£2. I3©X-fyf>^f^t>t^S 
"QO^^fv K^-f A©Rflf;i. EI5 0lC^-r«fc-5C fgl. 
?g 2 ©MS&ffl ^-ft-F13, 14 IC"*}- bTSWU 
tStl.S; H©Bf ©^l£§§ 1 2 (75 2 #{|J a - b H©«f£ 
tt. a - c Pal b. c - b P B lT)S*7jft f-^®l£-CJO^-5 © 

[0 0 0 6] ^2. ^3©X-fyf>^f 2, 3*^ 
>(C^:€)i0 5 &5\znMififfitl. fgl 

<nmm*?^ t-F13 iC«^J£I§ 1 2 © 2 ^cfll a - b 

MwsjE^ja^iRjfciwbs. 050 iz^k-rm&t-i 
?>*i7 <nmm*%T utsi 1 (Dwmm** *- h 1 

3ti^7-$-Z>mz. Jg2, S3©X-fyf>^f2, 

3 0, hi ©ssftffl y-f t-Hi3 vmasfa 

mmftmfrZMfifaW£i>Wm2tlt£Z\i:lZt3;-oT, * 

* u Twm$bmz£ 0, 11 ©say?! y-r *-Ki3 at 

1 3ftu<o*vV7tfiffimtz>£.-c(Dffl. mmmiz±& 
■/Sim^mm 1 r rawis, d©«sit«. ^msii 2 
lxi 2 osstti y-r *-fi4 <Dmj5fanm\z t> 
Mb-cams. g 1 omaum?^*- k 1 3 ©a*®* 

»CjBl©«E«Effl^-f*—Fl 314^-7 t&D, K8t-f > 
#99>7* 1 7Klf4»2 0!)«E*ffl^-f*— K 1 4*»S© 
Jft*lRl«aEfc«tt), R*0 0 0 4T?KMIlb;ft:©£ra« 

[0 0 0 7] *LT, 12, Sg3©X-T y^y*?- 
2, 3#:fr:7t::&3<»:, 0 5 3 fC^-Tck O fc, HM-f > 
^^>^17©W^0, ^!C@5 4fC^t-<t5 
H4«7'f7f>^ ; fL 4^>fC7^ofc 

bibb, sg 2 y-r a— h i 4 few uraw 

J&tSttHSn, a*0 0 0 6TK^Ufc©4:RI«»C» fg2 
cOfigStffly-f *— H 1 4 »=»4*#3&:at»WtflK 1 r r *t 

smi*. se 2 ©sggffly-r *-Hi4©+t u 7-tfimm 

[0 0 0 8] 


%\z±ztzmjjfanmmmd i/& t ^ees§© 

5?«E*»«*-r*. ^ipJ^Stl r r 

<«HWT*fctt, X^-A*(eIg§l*l©3>T r >-y-©^fi$:^: 

^ < it l fc^«tcit0>j ux ci ©x mm 

37. hS5£ia< -tests. *&. 4$(zjBAaa*[BifK4$ 

[0009] -r >a*— ^— setc^^ixx-r y^yzrm^ 
tt-*>\zt$.z>tLW\m\z. wsmtmr— wfeisnffift 

n«, *n*«aE©«flE*B«*d.i/d t*wsn. _t 

[0010] ^©%sj«, £UiC0J:3&IHHB*«fft-r* 

S5«iSa<6<i:/hS'fbaim*-5 D C/D C n >7\*— 
[0 0 11] 

C3>;^-^8SH mi~m4©xi'-v5 1 >y^ 
2, I4©M y^>^*^©— *Kiat«*«aBttsnfc 

^2. I4ffl75<^jl' • ^-f*- Fi> JB1. H2 
©X-f y ?>y*^-©-*MK»a!SnfcJB 1 ©iEES 
i:, H3, H4CM 5/^>^SR^©-*|HK*tt4tl 

fcfg 2 ©»£§§£ , »i, m2©^mi§{cs^$nfcm 

1, JB2©»flK»i*«^., SI. I3CXl'y5 1 >^ 
^©ffiS<t^2. ^4©77-f*-f^-^t-K© 
»«t*EaE««©lilSK«8ttrr*i:i:t>K, 3§2. 

4©X-f y^>^T©ft&S<tmi. ^3©^^^^ 

©T$.-5. 

[0 0 12] Sfc, mi~^8©7.'Ty5 L >y* : ?t. 


^^¥10-004680 


d*i£> tMm&tfi2tlfz.m 1 ~SI8 coy ^-f • ^ 
■I"*— K 13. Sg5, fg7©:7^-f* 
-DV-?**— K©l£ffi<!:SfS2, JB4. Jg6. 

^ *-r ;i/ • y-r f ©&m£ zmm-rz £ <t <b K, 

£*X/fcfSl©^EEg§£:, 15, *7©77-f*-fJh^ 
JBl, Jg3, «5. »7C75'f*-f;i'.^^-H0 

BW*iaaE««©iyi«fcS5«irr-5 ti:"b»c, $2. g 

[0 0 13] jgl, *2©3ftE»©i^|M»K: 

1. ^2©SSf£ffi«iS»M5!|g^$nfcSE8it«g**j$c>X 

[0014] set, umftrwcicrii: 

1, H2©g8it8g£8il, m2©^iE§§i:-#:6<j{ciHg 
K «2 0B8|»«fl|i. ^2©^ffi|g©2^#^©^ 

+fc*ttLfct>©-c*a. mi, m2<omm 

/£§§© 2 &#$fi£. «SE©7olR»CiB-3fc^Jt)ji*.*#T 
[0 0 15] 

mm<ommi. Hittco»w©*ifi©»jBi-c**D 

C/DC3>/t-^««S,s-r@»HT?*0. HKU3fr> 
T. l~4BIl~$4 0^-f7f>y 

*f (HT?ttIGBT«*t*«, JUlStt/^-FE 
T, GTOfT^TfeJ;^) v 7. 6, 9. 8 tig 1 

~sg4©x^ vj-yvm=f- i~4iz^n^nmmzmm. 
$*ifcsei~SB4©77-f*-f y-r K-r&o, 

B, DT»Sn, 12, i4fflX-f7?>^2, 
4©— $Sld2, I4C771 1 Jfc-OU • ff^it— K6, 
8©B«*»»«jjSiC, ETW(SftTV>5. *LT, 31 

1. ^3©X-f yf>^#fl, 3<5«t^2, fg4 

T— LTHnftmiii 5 ©KffiKgsgfcSnS i i £ 

2, ^4©X-f^>^2, 4©«iil, ^3 

T— JSL-TiS»iE«M5©ISffiC^snTV>-l.. ?g 1 ~ 

S4©x<7f>^*f i~4, My;ii~i4©7 


[0016] 20, 21 fa2t»fc««WfcaiSlCLfciB 
1> ^2©^/£gi7?^l3, ^1©^EE§§2 0©li5c#« 
8 2#«M^B."C1WK:»ia3*i; Sg2©^EE§g2 109 
1&#II8 3/^g^D, EfflfcttttSftTH*. 2 
2, 2 3ttfSl, *2©3BE»2 0. 2 1©U-y-i? 
• -f Sfc2 4. 2 5IJI1, ?g2©^ 

' £E»2o. 2 i fc**n*«iMS©sttSjS'r. 

[0 0 17] 13, 14(411, S62©Sdit§g£:LT© 

M2©^/£§g2 0, 2 1ffl2*ti7 2, 7 3fcBBM: 
«B»anTlr»*. 15. 1 6tt«5i<hn>7 ; >+J-£ja?iJ 

{c^LT^-sx^-A'iugs-cst). ^nfnn, $g2 

©Sflttffl^-f Hi 3, 14 fcM^JfcS^^nT^ 
•5. 1 8 «ft^ftStn;T"* 0 , II, *2©S«UH:y-f:fr 

- H 1 3 , 14 TAlWStt 1 8 fc 

— HI 3, 14, XBASES 1 5, 16, nan- Ars- 
is' 1 7-cs«i5is&a5&«fie-r-5.. 

[ooi8] ^{ciftf^touTittBj-r-So sbi~sb4© 
x-r y^y-ym^- 1 ~ 4 am 2 tc^-r^ 5 >^t*> 
/^7-r^fe©i-r^, 0 s-r. i$*jta«t ost<t 1 

T-tt, IlC^-f y^>ifm^ 1 e^>t&oTl) 
«©Tl@IgS"t'C«mSS*«S5tl^Vi 0 B#M t 1 S t < t 2 

■e. n©x-r>y5 i >^*^ifcjn^Ti2©X'r^^ 

>^^2^> < t^^cO-C ! H©^£E|g2 0 

nm&$:mz£Q7r;-t) . ^©Wratilffi'f 
^>X17tCtt, 1/2 • 1 2L©x^;U^— *5fx.e, 

ns. fe^cb, 1 ttfi?jfK >y??>x 1 7 (z^ti-ss 

St, Ltta^-r >&ir?>7> 1 7©-f >^^>XMT 

[0 0 19] IfMt 2S t<t 3tft !2©X-f7f 
>^^2^7<fcfj:D (IlOX-fyf^^ia 
?lfift>OS$T*5) , ES-f>W>X17 

2 0 © 2 M)i;i4 © j; -5 KfcStttKn*. ^ti{-<t 

0; ^•©l*ll;af2©77'f*-f^ • H6 

^e-i 1 ©x-r v*ytr*iFf- 1 L&wB«n5 

3. l4©X-fy?>l'*?3, 4««it)K^-7-r»* 
©-Cl2©^ffii§2 UC««oS^tl^^„ 

[0 0 2 0] Pt^iJt 3^ t< t 4T, l3©X-fyf> 
^f3*«t>C4ii. COftilBl. JBl, fg3©Xf -y 

1, 3*^>{r^oTtii>©T?, -entcj: 
o, BjsiK >y??>x 1 7jcsAe>nfcx^;i/^-© 


( 5 ) 


&ffl¥- 10-004680 


5 2 ©^J£§§ 2 0. 2 1 © 2 5fc«Tf«aE*«— » LTSfEtl 
iitfefc. 1 *ffltfcl2 ©7 5^ w ;p • ^-f t- . 

iytS407 7-fW;i/- y-r F8 taso^-fy 
[0 0 2 1] mnt 4^ t<t 5-e. si©7W v^-y 

l«K«n«. ^LT^CHt. «l»ffi^2 0 

©att-r >^ 9 >x©«fOi^;^-*?> nBOttH^ 
B3-C^-r«fc'5tC, S2©^ffig§2 I©2^t8tl2© 

— f i 3 fca»#iajfc*wsn, s i ©s^us^ f 

1 3J4*+U7'tH«*T««A«SEnT^-7t&<5. JS 1 
©SESfEfli^-f =i— Fi 3*st7i:ft«^ti:J:oT. ff 

1 ©SBE»©B«x*;i^-ottft»i.- Y1fitz< ts. 0 . 

l»B^f 1. S2©:7^-f tfc-f^ • y-T^-— F7, 

6 Lxmmmm 5 tca^n. m 1 ©^je§§ 2 0 

[0 0 2 2] >it5^t<t6T, S4©7W>y^> 
^^4AS^->i^0, B8fcjS-r«k'5K:JR2©a£ffi» 

2 1 A5iisnx> $ 2 ©seam ^ jj— - f 1 4 \znm 
•t>mtu m.m-i >y?5>>7> 1 7 ici^j^-me. 

tl5„ Pf^Jt 6^ t<t 7t. ^4<0X-r^/5 1 >^^ 
4*^7C75:D, mffi-1>y2r&>7sl 7\zWZ.*>tlX 
l»tZ*K-OWt. S2©^mi§2 lOl&fln? 

t<t 8TllOX^yf>^f i^>i:ftO, a 

*-f;M8*tt, Ell 0K*-r«fc5lC-#LTii?tn 

[0 0 2 3] P^Jt 8St<t9T, S£ 3 ©*-f «y^> 
3 d«*7l:ft0. m9.^y??*?>7s 1 7©X* 
JU=£— ©;&«£. l*i©77-1'*-1'JHSH 011 
C9j|^SIT^-r«fc 5 Cl£:TS 1 ©^J£8& 2 0 fliJlCg&n 
3. £©«*, S2©^ffgg2 \<1>WSM>9*>?9>7JZ. 
#*.&n&6M8x*;w^— tt, |S:I0 0 2 iT'j£^fc© 

t mil ©aaMsanrsr ± 5 f~s i ©^j£s§ 

2 0 © 2 l ©Snftffl^ F 1 3 L- 

t. S2©iSffly-f f 1 4tcis*7ftfi](csc*$n. 

f2©6«ffl^t-Kl4ttt7<t65. S2©S*iSt 
I^t-H14*»t7K45t, »2©«JBE»2 1© 

iamx*;p=?— ©iwtju— b#&< & o , :©ni* 

«, HI 2©«S*559ir*'r«t5C. S3, S4 
5KI3*Sn» S2©^ffiS§2 1 «5c©l#!»(Cgi-3. 


[0 0 2 4] a±*«^©EIttoBMfoi«»l»»ca& 
19. ««»it l~t 9©«jfe£*£<3jIfo 013 US 
1. l2©Sfiffl^t-Fl 3, 14fc8m-5«K£ 
^L;fcfc©T&D. ftffiffittl 8K«xs>©m8it££-/j£ 

ftjfir * C £ IC .to T«Kfl.£ffi*fcfM»T* c tan?^ 

So 

[0 0 2 5] H6»C*5tvc. 3Bl©«E«Effly-f*-Fl 
3©a»ja««pttfct3V»T^T**. SiSO 0 2 lTSi^ 

fc«t 5 t, d ©wiHTttjB i (Dmmm 2 0 ©aa-Y >9 

**>x©#oia&x*;i,^-**, S2©i£ffigg2i© 

2*««t|B2 0»J«ffly-f*-Fl43WRftUT» S 

1 ©s&auB^-r f 1 3 ^®7j^]tcj!t«$n-5. c© 

«1 ©Sffiffl^-f F 1 3 icte^-*©^ U 
PCioT, *75. ^SoT43D. ^^o^-x-^^f 

[0026] mmmiz&wztzmiBi, mm&mm t r 
rj itmmmmffiQr r tmmmmm.i r r*^*;*?) 

lltjWH**. £©3)^©»tS©EIHH:::feW-*»»l3fiOt 
SEIrrd »1 ©^ffiig 2 0 ©®BSm«t© 2 #&3f<tt 

C 5£lHl«fc!M8]t r rW6n5. 0gS©Ib^©^ 
«B»*»6C©iS»igtt«HWt r rS5IV>fc»0ffll«M*^ 
-f>>^>^© rflyc*>MlWj tt5Ct*<Tt5 (£ 

BStt, mmmy^^r— K©igsft§©fi*#^T, 

»**a^«R3e*^^^i>B■c*■s^») ©t, *±*>wra 
Hsea. aowwsasiiifKiitMt r r(caTn««kv>. 

[0 0 2 7] MEimnffi I r r(t il ©^J£gg2 0 © 
ckD\ jg«J^ffitlS!SE-r-5i£*<T#, ESS*© 

•<t-KC4U57'f7?>^l/2 • I r r 2 • 
L <-r*i: S l ©SSSffl^-f 3r— F 

i 3(cafe^Jtctt^$nfex±/N*iei8si 5rt©jgft{c^i; 

•rc:<i:t>t:#S. Sfcil ltciJ^T, S2©^J£8§2 

i . S2 <Dmffi.m?'<-*- f 1 4, *^ac^-ntcM^j{c 
*«snfc^/tiaKn 6 tov>T*>, ±ai£i^«i©;: 

[0 0 2 8] ^Jg©?£<S 2 . C <D&W<D$m<DWt& 2 

Srff ^fe©-C*-5. 01 4tC^-f y^->if^<D^r> 
/*7<D$>^ S. >if^T. mM t 0 ^ t < t 7 ST'U 

**©»»i£ra*Tr**o7?itt^*#wr* (Hi. 

3 ~ 9 #58!) . «l«t7St<t8T, % 2 ©X-f -y 5=- 
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>#X=?21fi*>iziS;r). ifiiifK >#>7*>7sl 7©X 

^ji^— ©#rd<t, i^#j©77-f*-f;p«»tt, mi 
©iiiTlilio©ioi;S2 > ^4©77-i'*-i';i/ 

^^:*^1^6.,~8-#J{3#j!fi^ 

MM-Wtfg 1 . ^4<Dy^^^)\, • y-f F7, 8 

[0 0 2 9] ^Jt8gt<t9T, ^3C5X-r-^5 1 > 
^^S^^lCf.cD. jfi^-r>^^>X 1 7©X* 

)^—<Dnmt i ^mv>y )\,mm%, 0 1 6 © 

*^8J-?r^-r«fc 3 tC^T^ 1 ©^ffigg 2 0 {lijfczjftn 
^^tifefasSi^J^-Ji. fi^^PPT^T J: o \z% 

i ®^ffi^2 o © 2 fr&f&tm i (Dmmm^ h i 

3 4gftL,T, ^2CDSSffl^^-— F 1 4 {Cj£7jft(c 

fg2©ffi^ffl^*-h* 1 4tt:t:7£&.5. 
^2©SMffl^^-— H 1 4*St7Cfj:5t, $2©^ 
l£g§ 2 1 ©@&fiBx*;i^-©;Sfc®;i,- h < & 0 . c 

*-H9. 8 *^*LTiS^«2l 5 fcm£$tU fg2© 
^JBEfg2 1 «7t©««*tcH-5. 

[0 030]PM9t9£t<tlO T«. m 1 CDX-T y 
5 L >i/^ld^>tCfd;D, B#^Jt l=g t<t 2tWiC 
l!lf^«r-r-5CD-PiSW5:#BS-r-5 (0 3#PI) . P#£iJ t 1 
0=St<t 1 IT, mi<DX-i y^>if^lifi^-yiz 
fc?>> jfigiK >¥y?>y> 1 7ic^Ae,nfcX^;m:— 
*«. 017 ©<fc^ fcm 1 ©Sof£ffl^-f t-H13 

Lxam. i &$j-Tr«3g i ©7 • y^r =t— k 

7£^E&LT«ttl£>„ WBfflt 1 l£t<t 1 2T, SS4 
©X-f ^^>^»^4^>(c^O, 
X17CI^-(t 01 8©J;5f;:gll, fg2©^ 
ffig|20, 2 1CMU 1 ^fiiJXtefg 1 , ^3CD7^ 

[0 0 3 1] ^Jtl2gt<tl3T\ $2©X^7 

^>^*^2^7(CfcED> aat-r>yi'^>x 1 7© 
x*;i^— ©si,!: i ^ffl©7^ *;-r;niS5tt, El l 

ti^o £©fSf, Sgi©^fiEg§2 0 ©@jfiSx^;u^-tt5S 

1 3 IzmiSfalZffitl-C. Jg 1 ©8iS«ffl^ Kl 3(J 

*yizta%. m i (Dmamimr— k 1 3 ^71:^5 

£, |g 1 ©^ee§§2 0 ©ii«x^;i/^-0D^«;u- 

n©B«x*;^— «. fgi, ^2075-f 

&-f)\,' ?^#-\t 7> 6&mmvTW.mnm5iziBitk 
an, m 1 ©^be§§ 2 0 teTcwttaifcsis,, 

[0 0 32]^Jtl3^t<tl 4TI1 i3©7-f 
v^fSli^ 3 D» fl#£ijt 5=£t<t 6tW 

1 4^t<t 1 5T, 13©7-f ^ ^> if 3 ifi^ty 
KfcO, HtSfE-r >?y?>X 1 7©X^^-tt, 02 


0 C^f <fc 3 \ZB 2 ©gffitffl y-f H 1 4 *«* LT 
Sftn, l&MTte^©?^ 3ftf;i/ - P-lJr— K9£ 

LT»ftn-5o tl5^t<tl6T, fg 1 ©X 

^y^>ifm : f-li}^>\zt£.K>. mm-i>yy^>y.i 
— 7-©x^i?^-=tt02'i-(r^ra: yizm rrm 20mm 

»2 0. 2 lfC^T-5. 
[0 0 3 3] ^jt 16^t<tl 7T, ^©X-fy 

^*)i¥—(Di&n£i%;m<Dyy't7fr-ijinmt, 02 

2 ©^BfcBJT^T «fc -5 (Z±xm 1 ©^EEgg 2 0 ff left 

Jsfaizmnx. l m2(Dm.m.m^-i^- h* 1 4«^-7tc^ 
©^flEg§2 i <Dmm^*)\s*—cotm)i>- biim< tz 

[0 0 34] «Ji*t 1 ^W^Wld^tcafc 0 . t 

i~ 1 1 7 <Dmft&MQm.T. z\a>mffi<w&mT°izim 

«+©77-f jJn'T JP«i5K«. ^(Z)?^*^^' ^ 
KtCffi^r <h^:< . I4~6, 9, 1 5~2 2 ic^ 
t"<fc 3 tC^ 1 ~^ 4 ©7 tfM" ;i/ • y-f K 7 , 

[0 0 3 5] ^ffi(DMm3. 02 3(CC©^BJ©^ig© 
Jg^3 (C*3tt'5lHlgS0*^-r. 01©leISS0tJt^-5<h 
fgl©^E§§2 0ffl2*ti7 2iIl©IiSffly<t 
— H 1 4 ©^^JlI^^S^c -3tl> -5 ©#.-?& D , b 7t#* 
t>TH10l3Hfi:ra«|«rttftfl«i«f^*-r*. 02 4H 
02 3(C^Lfe[iIgS©5^©^l, ^2©^JEfg2 0. 
2 1 £Jgl, ^2©^oStffly-f^-— H 1 3, Htffll 
jfi<£^-T»fM0t?* 0 , 0(C*5^T. 7 0, 7 1IJI 
1, ^2©affig§2 0, 2 1©^KlT-feD, MMi^iE 

JjMte^is-gijjmzmj&zn, svifcwt^KSjUTiH 

3 fix t > -5 0^^ \z fe»-^P*tft TfiS^^S 
tSiifc^T^. JB1. ^2©|gffigg2 0, 2 1 
©2*#^7 2, 7 311 ¥4£tt©##£fl§t,>, 

70,71 onH«fK**ft< ijcMsnr^*. 

fc*5, C©0T-«Jgl, ^2©^JE§g2 0, 21©m 
#^©0^^#B§$nxti-5. 
[0 0 3 6] 7 4SI1, ^2©SSitffl ; /'f^--Kl 

mmm ^t-nn, 14 ltsi, ?g 

2©^EEg§2 0,2 1 t-flsfc&*«fc-5K:EB$nTV» 
■So 7 5, 7 6tt¥fr¥«T#Mt3n&P«» N«©ffi 

Lfe®CS-5 2 7 2, 7 3 -tn-Ptl©— Sft^ <E>, 


( 7 ) 
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n-€-*mg i ©^i£g§ 2o©2 7 2 ©ftfisg £ N#jf±j 
t-pi4 ©Msg^^-n^nn 2 <D&j£m 2102^ 

^7 3©ffcS£P#J£i};r>3»7 5 t Cg^^ftTV^. 

[0 0 3 7] -taiO^it^^ffl-r-S-ttCcttl, ?gl> 
f§2©^JEg§2 0. 2 l©2##igji7 2, 7 3©*ffp]g& 
#>£PflJ, N#J(DtH^^7 5. 7 6(C#>ttT, ^#7^ 

Sg2©^ffi§§20, 2 1 tJBl. ^©Soft/fl^;*-- 

k 1 3 . 1 4 <h nmm&m < fc xmm^mit l , m 
i . m, 2 (Dmmmy-i t-pn, 14 ©asiasmttK: 
£ e. K:ft*t»r*i*w*«ffl«u, «fc 0 iis^ft<Dx-f y 

,^>^'Srfi 1 3Cl<»:^-e^^ <> ft*, EI 1 ©le]gS©:t§"g- 
fc, J t<DmUL\Z&t>itX&m*»tirrz 0 
2 4 <h|WM£©3 >r%>7 htmmzT* Z, t*«T?^S„ 
[0 0 3 8] *56©J£*&4. 02 5«dcD^CDmfi© 
^J84^-TlHlK0-Cfe»3. EltC*5^T, 5. 17, 1 
8, 2 0~2 5f4§feMSO»J8l©**tra«-c**©T? 
BMH 3 0~3 7llIl~f8©Xl' 

T$>9. Z.tl^>Xy)V • yS? • -f >/\*— ^— £2|el 
HM»|J«LTV»*. -T&toi, fgl, SII3, «5, Sfl7© 
77-f/ts'f^-y'ft-H3 8 > 4 0, 4 2, 4 4©^ 

mmt. sg2, sg4, ss§6, »8©75-r*-f;u-y-r 

*-K39,.4 1, 4 3, 4 5©l&IIfflJi^e-ft-€ f *l& 
j&l. fg3. $g5, S7(D77^*-f 
;U • y-f h*38, 40, 42, 44 ©ISffiflJ*— JS 
l^T1t«««5©»IIfcttt*U 3S2, JB4, fg6, ffi 
8©7^-f^-f • y-r^— F3 9, 4 1, 4 3. 45 

LTa««« 5 (OBESfclSjailx, 
T, Ilti3ffl77'f*'f;i/-y'ft-K3 8, 40 
OlQNt&MMiCSg 1 ©^ffiS 2 0 © 1 8 2 

L, §15 <hSg7©:7^-rtfM-;|, • K4 2. 44 

©W»««mfc» 2 ©^EEgg 2 1 © 1 8 3 &»fft 

[0 0 3 9] 4 6~4 8\mffi.mt)Zft-Z>7>-1y?->if 
^ilTOf 1~S4©^ 'JX^T&O, JB1. fg 
3©-y--f «JX^4 6, 4 8#aUfe?9ttttSftTilSl©SE 
SE»*1*J«U lgl©^EE§§2 0©2#i§$jS7 2fcSi^ 
^tl^tifetC, fg2, I4WJX^4 7, 4 9*! 
j£M^JSi^$taTm2©sagg^«J6S;L. Sg2©^fl=gg 

2 i ©2^c#^7 3tca^$nTti-5. ^-Lxcine.© 


[0 0 4 0] IM^K-PViTBiWr*. fgl, |g4 

©X-f y^>yift^3 0, 3 3 ^ntc|S| 
LTlg 1 ©IM UX^4 6<&^->(C-r-5<i:, 02 5t£ 

y\z?z>t. m2 Q\z7^-r^o\zm.m.^y^^^>xi 

4^>{C^D, I^IlTl20it'fiJX^47^> 
fc-TSt, 0 2 7©J;3fcl2fc«» 2^«te«EnTt»fc 

[0 0 4 1] ^l©X-f 7 f>l'ff3 0i)l*y\Zt£Z> 
t, l^cfflj, 2;fcfl!Uc8itftT^&tt»E«. i2 8®*i 

*W-?7fi~?&o\z±xW,2<n : g.KM2 i«tej«n*. c 

©US, ffi 1 ©ffiS 2 0 ©B«x*;l.^--*t«aW5BJ-c 
^■TJ;5{r«cli$tlT. Il®D-'fJ7?4 6(W-> 
-^-7-T«». ^10*-fiJX^46d^7t5t. ^1 
(D^SM2 0©a«Sx^;P^-tt, EJ2 9©fiS^PP© 
J;5fciSBftmj!i5{riHi^$ta, l ©^JEgg 2 o «5c© 

[0 0 42] £iUi*JWrf^Oi|6HJW»Tr*l3. fc3-7j(C 
*fbTfe»jf^ (^5, I80X-<y?>ySf4 2, 4 

5 ^rii vxummm ©^eeis 2 1 \zns.*m 

z. t-e, . ft wffi«t 1 8 iztt LxjE^mtKDmtj^m^ 

[0043] mzttfa&nti&m&nvShmz-o^x 
mwrz. *-r, ^2, i30^^f>^3i, 

3 25&t^->(^D, |W|»8bTm3©-y--r >JX^4 8*^" 
>tri--5«i:. 03 0©«t5»C«S!7jtMn. iS8St'f>^^ 
^ >X 1 7 tX^;U^-*!»A ^tl-5o ^2©Myf 

>^f3i5t7i:t5t, 03 1 ©j; 3 tenant 

^>tfm^3 6tf*>\ZUQ. mmisX?£4W(VX 
?4 9*^->iCt--5i, 03 2©«fc5tr«8iE^X^$n 

[0 0 4 4] l30X-fyf>^3 2*^7»C^S 

t, 1^:, 2 2mizffinx^f£mmiz, 033011^ 

EP©<±:5{cm2©^ffi^2 lffliJfC«tn-5o mi©^)£§§ 

2 o(Dmm^)^—tmn^i<D^o\znm^nxm 

©2EJE§§ 2 0 0I«I*;^-B0 3 4 ©©^^©J: 

o iz&ffinm 5 tciei^^n, mi ©^ffs 2 0 «7t©t«t 
[0045] iE*fctt<i(onrn*»— 

eii/£^T?«^: < , Wm 0 0 3 8-0042 TUJBJ 
iftf^tS^0 0 4 3. 0 Q> 4 4XmWVtcW)tt-£*rftW. 

<Dnmx5£.mz®i<om.-fz.t.\z&K), m«03 5i:s 
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[ o o a 6 ] mrnvmns . m^^^mcommcD 

JK!8 5**f @KiaT*t), 0^*ViT, 5, 13—1 
8, 2 0-2 5»a*JS©»J8l©*^tra«T*«CDT 

54, 55. 5 8, 59. 56, 60 «1 1 — 
*6©7^-l'*-f;i,.^^--HT*0, 11, SS3CD 
^7f>^5 0, 5 2CO-»C^l, S3©77 
W;p.^^-H54, 5 8©BS3i^B, D 
TSfflfcSft* 12, i4Wyf>^5 1, 5 3 
2. ^4(D7^-f7}N-f;i/- 3f-f^-—K5 5, 

1, S3OM7f>^5 0, 5 2cDftflS<hl2, 
S4077-f*'f;i/5 5. 5 9<D|ft«i:A«»JBl!^CAT— 

»4©X-fy?>^5 1, 5 3<DfdJ«£ll, 13 
©77^W;i/-^t-H54, 5 8©*K£*tSag8 

[0 0 4 7] 6 2, 6 3I2JB1* 1 2 CD U 72 b)\sT*$> 
D* IBia)KfiE»2 0©1^8 2tIl©U7i7 h 

fc* »2©*flE»2 1<D1#:#|*8 3i»2©U7* h 
^6 3<h^^JfcS^D, EBfc««SnT^« 9 1 
5, 16(Z)77^^;W^^H5 6, 6 0flftt 
iAffl^t-K^ffll^n, l5(D77-f^;h^ 
^f*^K5 6#»10«I»2 O01*fi82ill 

2ft, I6©77^f*<;^^t-H6 0ttl20!)f 
J£gg2 l<Z>l#c#J68 3£12<DUT^ h;i/6 3i0S 

[0 0 4 8] 6 4, 6 6ag5077-f*-f;i/-^t 
— F 5 6 ^-r*X±AlHFttfflC[)3 >x>U-^»SiT* 
0, SU©8tt^t»5077-fW^ • ^*-K5 
6 0lttt©|ll|l:^t-K5 7^»«SftW-5. 6 
5, 6 7«S6077-fW;i/ • y-f^-— F6 0tC*fT 

^il6(D77^W^ • ^-f rt-K6 0<B»ffi<fc<BH 

[0049] i&m^vriftHjnr^ £?\ jgi, ^ 2 
m3 7<D&o\znmtmft, 2ym<D%m*)7 

i?$>7, 1 7<DX.*)V¥— ^11, 12 077-fW^ 

•^-f*— K5 4, 5 5fcai;TB[»«jii[5Kia*sn 

Tr, iSKns«8KO«SfEffi^d i/d t#*WMSn, 
2&M<D«8fflft»d"i /d t ^«J$j$n^o 


[0 0 5 0] I3(7)^7^>^f 5 2^>lC&£ 
t. mZZO?mX8t<D&5\Z. 2^CflJT«2<oaQE» 
2 HMfcHgiffiU l#ffliJTl6<a;7^3f;-f ;U • £T-f;j- 
-K6 0£^SLT«iS#Wi5o fnttt)l:»ifl!) 

H«fc«*«**d i/d t #Wf!fl£ft, 1 1 <£>S»ft/?!y 
^t-Ki3 ti»*ra^H]inisn«a«x*;^-©2 
&l«f#<0«SfaDd i/dt feffllffidSftSo Z.<DTz#), 

i i (Dwmmy-t*— h 1 3 ^^ihj^s^q r r *t 

[0 0 5 1] mzM4<DX<<{ y^ytfm^ 5 ZiflHr>\z 
<d £ 5 ^msft^ssnT^ tU7 L T ^ £> <D 

T, iO*t , J7*^«t5iTORI, 03 9C9«&§S#c 
WV&vlzn&LtfitilLtlZifi* fg2<DV79 b)1f6 3&M 

%<dt\ z.<Dm^mm<Dd i/d t^wa^n, l/c 

>^>it 6 5 Sft&X*;^— F6 1 

^TTS£, 04 l<o«k5K:***«e3san*. 
[0 0 5 2] jfcfc % 13, l40M7f>^$f5 
2, 5 3«[;t7(:&S < !:, 04 2 ©J; 5 fcfiSfrf 

So CC0KfCD«Sftfel2<©U7^ h;P6 3&«grr£G> 
T, di/dt»j$n, 2 5fcfllcO»2CDfiESftffl^ 

k 1 4\zmnz>n%i<Dd i/dt ^ppfei^n^o 

[0 0 5 3] lKDX^7f>^if5 0tfi*>tZHi* 

t> 04 3^I^0i;^(:, 2^MTItgft-f 

i 7 h^i i o)^j£^2 omizmm 

*Lfc«8SdWl5. *nt(!:t)fC*2 0!)^JBEgg2 1© 
*2®U7? K;U6 3 6i-5fl)TtjlMI«d i/d t s&« 

mums *u m2<Dmmmy-f^- k i 4^^^^ 

Sft*a«X^;^— ©2^a«(C»C!)««E©d i/dt 
t>ffli*J$ft, attr|ftliItt*ffifQ r rji«/ha<a:0, Ufe 

[0 0 5 4]1^T, 12 0DX-T 7f>d/*F5 1 
>^^t, 04 4©II^J;5[:iiMn, 5fe 
<Dl 6 O 7 *-f )V • ^-f K 6 0 fca V^TKW i 
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i/dt^ii$n. ^5077^ jJ^-f • F 

5 6 oat3Eriai«*fll5fett/jNa < ft-*,, 
;P • y-f F 5 6«St7lI&5i, 7>^tffln>x> 
•9-6 4\zm^riT^tc^)V^f~ f)^ 04 5055^^ 
BKDJcpfc^-f*— F5 7*gftLTfttSns. 

3{C1^#^8 2, 8 3 KldQFgicM 1 , m2<D*JTi? F 
;U6 2. 6 3£f9:ttTfc&<> m4R0&S«f&«. 

[0055] mm(omm&. z.ogmow&Qtt.. mm 
£n (*» ran*, sr. $*-Hfi<a>s«*fl!>aia 

[0 0 5 6] -!J-f UX^ttJUffiifc tttt 

t. tesM-mmf£Hzm.*kt£mj£tf$itoztiz> tm^yu 
- >? >\zuz&w&$>z>. 

A—«ffiftME<&s. »7iE±#$dv/dti: 

ck^^-> • mt6<Dwmft KjAac 

#5KSE©^BJc) , ^ — > • ^->jt^0D)li7j 

l*]*>«SK.h#^d i/d Uc<fcoT-!M UX^&a&Jg 

[0 0 5 7] CCDm<DKffi®J:3lc. **IS©»IB4£ 

5 *m*-&t>-&fcisigS7?tt-y-'f u x^roiii7jfam»ft«;fi 

lS^:«m2WUTi7h;U6 2. 6 3 tioT-tOd i 

dv/dttt, ^5. ^6(7)7^^*;^ ;U • ^-f^-- K 
5 6, 6 0{C#Jo$nfc7.7 r -/'\*lElgS<Dn>7 ; >-y-6 4f 

cfc-pfC, ]Efti^7j|6]©|±S^*i{±53feT. Sfe^iS^c 

[0058] mm<Dmm7. z.<Dmffi<DMm\*mm<D& 
m3izis^T. mi. "m 2 commmy-i f 1 3 . 1 

4fflilfii^AT, Cft6t*l. Sg2©gff§g2 
0, 2 1®2Mi7 2. 7 3©^4'Cg5^-r-5<t5H 
LfefeCDT^O, 134 6«^-©l#rSlglT;&.5„ ZotZ 


5. 7 6aHSr«fcSJfoDfc<Sl. *2©ft«ffl^'f^- 

— F 1 3, 14 feffijKCEXarfllicKtt* d fl&J 

— F13, 1 4*«rffifc:ffi«U (11^7 5, 7 6 £ 

»iiftiB«-r*iii««a**. ^>i&, mstwiwmsijg 

[o o 5 9] mm<omm8. BH4 7\t9m<Dmma*ja 
•mmm-c&o. mm^mmnz^x, mi. S2© 

Tffl^s«-&jrwrs%>cD-efes. mumi<D^EEm2 

0 #J®^.$r^f . ® 1 OlStffl^ F 1 3 £ 2 "D© 
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(54) DC-DC CONVERTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To suppress the surge voice of a DC-DC 
converter by suppressing power losses generated in a rectifier and snubber 
circuit by connecting the other ends of first and third (or second and 
fourth) switching elements and the anodes (cathodes) of second and fourth 
(or first and third) flywheel diodes to the anode (cathode) of a DC power 
source. 

SOLUTION: The other ends of the first and third (second and fourth) 
switching elements 1 and 3 (2 and 4) and the anodes (or cathodes) of 
second and fourth (first and third) flywheel diodes 6 and 8 (7 and 9) are 
collectively connected to the anode (cathode) of a DC power source 5 at a W 
connecting point A (F) and, at the same time, the output terminals of first 
and second rectifier diodes 13 and 14 are connected in parallel with a load 
resistor 18. Since no active reverse current is abruptly impressed upon the * 
switching elements 1-4 from the forward current of a secondary-side Gfctti?*l£M>^ 
rectifier, the very large spike-like current which flows, when the switching 
elements 1-4 are switched, does not flow and the losses and noise which 
occurs in the elements 1 -4 and rectifier can be reduced. 
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Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] The 1st and 3rd flywheel diode by which the anode plate was connected to the end of the 1st - the 4th 
switching element, and the 1st and 3rd switching element of these, respectively, The 2nd and 4th flywheel diode by 
which cathode was connected to the end of the 2nd and 4th switching element of the above, respectively, The 1 st 
transformer to which the primary coil was connected between the ends of the 1st and 2nd switching element of the 
above, The 2nd transformer by which the primary coil was connected with this 1st transformer independently between 
the ends of the 3rd and 4th switching element of the above electromagnetic, It has the 1st and 2nd rectifier connected to 
the secondary coil of the 1st and 2nd transformer of the above, respectively. The other end of the 1st and 3rd switching 
element of the above and the anode plate of the above 2nd and the 4th flywheel diode are connected to the anode plate 
of DC power supply. DC to DC converter equipment characterized by making juxtaposition the outgoing end of the 1st 
and 2nd rectifier of the above, and connecting with a load while connecting the other end of the 2nd and 4th switching 
element of the above, and the cathode of the above 1st and the 3rd flywheel diode to the cathode of the above- 
mentioned DC power supply. 

[Claim 2] It has the 8th flywheel diode, the 1- by which parallel connection was carried out to the 1st - the 8th switching 
element, and these 1st [ the ] - the 8th switching element, respectively ~ While connecting the cathode of the above 1st, 
3rd, 5th, and 7th flywheel diode, and the anode plate of the above 2nd, 4th, 6th, and 8th flywheel diode, respectively 
The 1st transformer by which the primary coil was connected between the cathode of the above 1st and the 3rd flywheel 
diode, The 2nd transformer by which the primary coil was connected with this 1st transformer independently between 
the cathode of the above 5th and the 7th flywheel diode electromagnetic, It has the 1st and 2nd rectifier connected to the 
secondary coil of the 1st and 2nd transformer of the above, respectively. While connecting the anode plate of the above 
1st, 3rd, 5th, and 7th flywheel diode to the anode plate of DC power supply and connecting the cathode of the above 
2nd, 4th, 6th, and 8th flywheel diode to the cathode of the above-mentioned DC power supply DC to DC converter 
equipment characterized by making juxtaposition the outgoing end of the 1st and 2nd rectifier of the above, and 
connecting with a load. 

[Claim 3] DC to DC converter equipment according to claim 1 or 2 characterized by connecting a reactor to the primary 
coil of each 1st and 2nd transformer, and a serial. 

[Claim 4] The 1st and 2nd rectifier is DC to DC converter equipment according to claim 1 to 3 characterized by being a 
switching element with the rectification capacity by which antiparallel connection was carried out, respectively. 
[Claim 5] While consisting of parallel plates which the output terminal for connecting with a load made the flat side 
counter through an insulating material, and unified Arrange the leg of the 1st and 2nd transformer in parallel mutually, 
and pull out the above-mentioned output terminal from the mutual opposed face of both the above-mentioned legs, and 
the 1st and 2nd rectifier is arranged in one with the 1st and 2nd transformer of the above, respectively. While connecting 
the two poles of the 1 st rectifier of the above to the secondary coil of the 1st transformer of the above, and one side of 
the above-mentioned output terminal, respectively DC to DC converter equipment according to claim 1 to 4 
characterized by connecting the two poles of the 2nd rectifier of the above to the secondary coil of the 2nd transformer 
of the above, and another side of the above-mentioned output terminal, respectively. 

[Claim 6] While consisting of parallel plates which the output terminal for connecting with a load made the flat side 
counter through an insulating material, and unified Arrange the leg of the 1st and 2nd transformer in parallel mutually, 
and the above-mentioned output terminal is pulled out from the mutual opposed face of both the above-mentioned legs. 
DC to DC converter equipment according to claim 1 to 4 characterized by having connected in the middle of the 
secondary coil of the 1st and 2nd transformer of the above, respectively, and having arranged the 1st and 2nd rectifier in 
one with the 1st and 2nd transformer of the above. 

[Claim 7] While making two or more rectifying devices juxtaposition and constituting them, respectively, the 1st and 
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2nd rectifier It constitutes from a plate, the conductor which has slitting prepared in the secondary coil of the 1st and 
2nd transformer along the direction where a current flows DC to DC converter equipment according to claim 5 or 6 
characterized by connecting the above-mentioned rectifying device to each part divided by the above-mentioned slitting 
of the secondary coil of the 1st and 2nd transformer of the above. 


[Translation done.] 


http://ww4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F 4/28/2004 


I- 




Page 1 of 9 


* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s h ows the word which can not be translated. 
3. In the drawings, any words are not translated. 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the low battery and the mass DC to DC converter equipment for high 
currents (10-50V, about 500-20,000A) which are especially used for electroplating or alumite processing, the DC to DC 
converter equipment for a high- voltage (several kV) output, and the high frequency DC to DC converter equipment 
further operated by high frequency about the DC to DC converter equipment which performs conversion between direct 
currents. 
[0002] 

[Description of the Prior Art] Drawin g 48 is the circuit diagram showing conventional DC to DC converter equipment, 
1-4 are the 1st - the 4th switching element, and it carries out full bridge connection, and connects with DC power supply 
5, and they change direct current power into alternating current power. 6-9 — the 1st - the 4th switching element 1-4 - 
the 1- by which was alike, respectively and parallel connection was carried out - it is the 4th flywheel diode and the 
above constitutes an inverter part. 

[0003] 12 is a transformer with a secondary center tap, and the leakage inductance in which 10 is contained in a 
transformer 12, and 1 1 show resistance of the coil contained in a transformer 12. 13, the 1st by which 14 was connected 
to the both-ends side of the secondary coil of a transformer 12, the 2nd diode for rectification, and 15 and 16 are the 
snubber circuits constituted by carrying out the series connection of resistance and the capacitor, and they are connected 
to the 1 st and 2nd diode for rectification at juxtaposition. 17 is a direct-current inductance for being smooth, and 
constitutes the rectifier-circuit section above. 1 8 is load resistance. 

[0004] Next, actuation is explained. As shown in drawing 49 , the 1st, the 4th switching element 1 and 4, and the 2nd 
and the 3rd switching element 2 and 3 shall be turned on / turned off at coincidence, respectively. First, if the 1st and 4th 
switching element 1 and 4 is turned on, as the arrow head of drawing 48 shows, a current will flow. The energy of 1/2, 
and I2L is accumulated in the direct-current inductance 17 at this period. However, the current and L to which I flows to 
the direct-current inductance 17 are the inductance value of the direct-current inductance 17. 

[0005] Between dead times until the 2nd and 3rd switching element turns on, if the 1st and 4th switching element 1 and 
4 is turned off, it will divide into two to the 1st and 2nd diode 13 and 14 for rectification, and the energy stored in the 
direct-current inductance 17 will flow and discharge to it, as shown in drawin g 50 . Since the potential between 
secondary a-b of the transformer 12 at this time is added on electrical potential differences [ hard flow ] between a-c and 
between c-b, it serves as zero. 

[0006] If the 2nd and 3rd switching element 2 and 3 is turned on, as the arrow head of drawing 5 1 shows, a current will 
flow, and the electrical potential difference between secondary a-b of a transformer 12 will join the 1st diode 13 for 
rectification to hard flow. Before discharge of the direct-current inductance 17 shown in drawing 50 is completed and 
the 1st diode 13 for rectification turns off It means that the 2nd and 3rd switching element 2 and 3 is turned on, and, as 
for the 1st diode 13 for rectification, reverse voltage was impressed from forward direction switch-on. According to the 
carrier storage effect The big reverse current Irr flows transitionally until the carrier inside [ for rectification / diode 13 ] 
the 1st disappears, since the 1st diode 13 for rectification is having leaked out so to speak. Through a transformer 12, 
this current is superimposed also on the forward current of the 2nd diode 14 for rectification, and flows. If it passes over 
the reverse recovery (disappearance of carrier) period of the 1st diode 13 for rectification, as shown in drawing 52 , the 
1st diode 13 for rectification will become off, and as the paragraph 0004 explained according to the forward current 
from the 2nd diode 14 for rectification, energy will be stored in the direct-current inductance 17. 
[0007] And as shown in drawin g 53 , discharge of the direct-current inductance 17 will start, as shown in drawing 54 
below, reverse voltage will be impressed to the 2nd diode 14 for rectification at the moment of the 1 st and 4th switching 


http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web__cgi_ejje 


4/28/2004 



i 


It 



Page 2 of 9 


element 1 and 4 being turned on, and if the 2nd and 3rd switching element 2 and 3 is turned off, as the paragraph 0006 
explained, the big reverse current Irr will flow to the 2nd diode 14 for rectification. If the carrier of the 2nd diode 14 for 
rectification disappears and it is turned off, as again shown in drawing 48 , a current will flow, and above-mentioned 
actuation will be repeated henceforth. 
[0008] 

[Problem(s) to be Solved by the Invention] Since conventional DC to DC converter equipment is constituted as 
mentioned above and it operates, in the case of switching, the current which flows the diode for rectification has very 
big reverse current inclination di/dt, and very big surge voltage generates it with the leakage inductance of a 
transformer. Moreover, since a reverse current Irr also becomes large, according to this big electrical potential 
difference and big current, big switching loss is generated and it becomes disadvantageous for RF-izing. Although what 
is necessary is just to enlarge capacity of the capacitor in a snubber circuit in order to control this electrical potential 
difference low, the problem that the loss power by the resistance in this snubber circuit increases in proportion to the 
capacity which increased arises. On the contrary, if the capacity of the capacitor in a snubber circuit is inadequate, it is 
necessary to adopt the diode for power with the diode for power and the ultra high-speed reverse recovery property of 
high reverse pressure-proofing, and large cost quantity will be caused. Moreover, generally, since forward voltage VF is 
high, the forward direction loss in diode of the diode with especially a ultra high-speed reverse recovery property is also 
disadvantageous also in increase, therefore a cooling surface. 

[0009] While a switching element is turned on in the inverter section, very big switching loss (on-state power loss) 
occurs in that to which two, a part for a part for the stationary current of the diode for rectification and a reverse current, 
flow (for example, refer to operating state of the diode 14 for rectification in drawing 51 ). Moreover, there was also a 
problem that electromagnetic wave disorder occurred by the above. In addition, if the leakage inductance of a 
transformer is enlarged, it will become difficult for flowing current inclination di/dt of a current to be controlled, and to 
consider a miniaturization as RF operation of a system on the other hand, although it is effective to the above-mentioned 
problem. 

[0010] This invention is made in order to solve the above problems, it controls rectifiers, such as diode for rectification, 
and the power loss generated in a snubber circuit, and controls surge voltage, enables use of the common diode for large 
power etc., and reduces the switching loss in components, such as diode for rectification, and aims at obtaining the DC- 
to-DC-converter equipment which can perform high-frequency operation and a miniaturization of a system. 
[0011] 

[Means for Solving the Problem] The DC to DC converter equipment concerning this invention The 1st - the 4th 
switching element, and the 1st and 3rd flywheel diode by which the anode plate was connected to the end of the 1st and 
3rd switching element, The 2nd and 4th flywheel diode by which cathode was connected to the end of the 2nd and 4th 
switching element, The 1st transformer connected between the ends of the 1st and 2nd switching element, The 2nd 
transformer connected between the ends of the 3rd and 4th switching element, While having the 1st and 2nd rectifier 
connected to the 1st and 2nd transformer and connecting the other end of the 1st and 3rd switching element, and the 
anode plate of the 2nd and 4th flywheel diode to the anode plate of DC power supply The other end of the 2nd and 4th 
switching element and the cathode of the 1st and 3rd flywheel diode are connected to the cathode of a direct-current 
electrode. 

[0012] It has the 8th flywheel diode, moreover, the 1st - the 8th switching element, and the 1- by which parallel 
connection was carried out to these - While connecting the cathode of the 1st, 3rd, 5th, and 7th flywheel diode, and the 
anode plate of the 2nd, 4th, 6th, and 8th flywheel diode The 1st transformer connected between the cathode of the 1st 
and 3rd flywheel diode, The 2nd transformer connected between the cathode of the 5th and 7th flywheel diode, While 
having the 1st and 2nd rectifier connected to the 1st and 2nd transformer and connecting the anode plate of the 1st, 3rd, 
5th, and 7th flywheel diode to the anode plate of DC power supply, the cathode of the 2nd, 4th, 6th, and 8th flywheel 
diode is connected to the cathode of DC power supply. 

[0013] Furthermore, a reactor is connected to the primary coil of the 1st and 2nd transformer at a serial. Furthermore, let 
the 1st and 2nd rectifier be a switching element with the rectification capacity by which antiparallel connection was 
carried out. 

[0014] Furthermore, while constituting an output terminal from an parallel plate, the leg of the 1st and 2nd transformer 
is arranged in parallel, and an output terminal is pulled out from the opposed face of both legs, and the 1st and 2nd 
rectifier is arranged in one with the 1st and 2nd transformer. Moreover, while constituting an output terminal from an 
parallel plate, the leg of the 1st and 2nd transformer is arranged in parallel, and an output terminal is pulled out from the 
opposed face of both legs, and the 1st and 2nd rectifier is connected in the middle of the secondary coil of the 1st and 
2nd transformer, furthermore, the conductor which has slitting which met the secondary coil of the 1st and 2nd 
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transformer in the direction of a current while constituting the 1st and 2nd rectifier from two or more rectifying devices 

it constitutes from a plate and a rectifying device is connected to each part divided by slitting. 
[0015] 

[Embodiment of the Invention] 

Gestalt 1 . drawing 1 of operation is the circuit diagram showing the DC to DC converter equipment which is the gestalt 
1 of implementation of this invention, and is set to drawing, 5 is DC power supply and 1-4 are the 1st - the 4th switching 
element (although IGBT is shown by a diagram). It is the 4th flywheel diode, these may be Power FET and GTO etc. - 
the 1- by which 7, 6, 9, and 8 were connected to the 1st - the 4th switching element 1-4 at the serial, respectively — The 
anode plate of the 1st and 3rd flywheel diode 7 and 9 is connected to the end of the 1st and 3rd switching element 1 and 

3 in Nodes B and D, and the cathode of the 2nd and 4th flywheel diode 6 and 8 is connected to the end of the 2nd and 
4th switching element 2 and 4 in Nodes C and E. And while the other end of the 1st and 3rd switching element 1 and 3 
and the anode plate of the 2nd and 4th flywheel diode 6 and 8 bundle up in Node A and are connected to the anode plate 
of DC power supply 5, the other end of the 2nd and 4th switching element 2 and 4 and the cathode of the 1st and 3rd 
flywheel diode 7 and 9 bundle up in Node F, and are connected to the cathode of DC power supply 5. the 1st - the 4th 
switching element 1-4, and the 1- the inverter section consists of the 4th flywheel diode 7, 6, 9, and 8. 

[0016] 20 and 21 are the 1st and 2nd transformer which became independent electromagnetic mutually, the primary coil 
82 of the 1st transformer 20 is connected during Nodes B and C, and the primary coil 83 of the 2nd transformer 21 is 
connected during Nodes D and E. Resistance of the coil with which 22 and 23 are contained in 24 in the leakage 
inductance of the 1st and 2nd transformer 20 and 21, and 25 is contained in the 1st and 2nd transformer 20 and 21 again 
is shown. 

[0017] 13 and 14 are the 1st [ as the 1st and 2nd rectifier ], and 2nd diode for rectification, and are connected to the 
secondary coils 72 and 73 of the 1st and 2nd transformer 20 and 21 at the serial, respectively. 15 and 16 are snubber 
circuits which come to connect resistance and a capacitor with a serial, and are connected to the 1st and 2nd diode 13 
and 14 for rectification at juxtaposition, respectively. 18 is load resistance, and the outgoing end of the 1st and 2nd 
diode 13 and 14 for rectification is arranged in parallel, and it is connected to load resistance 18. 17 is a direct-current 
inductance which is parasitic all over the direct-current inductance prepared in smooth at the serial at load resistance 18, 
or a circuit. The rectifier-circuit section consists of the 1st, the 2nd diode 13 and 14 for rectification, snubber circuits 15 
and 16, and a direct-current inductance 17. 

[0018] Next, actuation is explained. The 1st - the 4th switching element 1-4 shall be turned on / turned off to the timing 
shown in drawing 2 . First, since only the 1st switching element 1 serves as [ time of day t ] ON by tO <=t<tl, a current 
does not flow all over a circuit. Since the 2nd switching element 2 serves as ON by time-of-day tl <=t<t2 in addition to 
the 1st switching element 1, the 1st transformer 20 is excited, and as the arrow head of drawin g 3 shows, a current flows 
to each part (an arrow head shows a current henceforth). The energy of 1/2, and I2L is stored in the direct-current 
inductance 17 at this period. However, the current and L to which I flows to the direct-current inductance 17 are the 
inductance value of the direct-current inductance 17. 

[0019] In time-of-day t2 <=t<t3, the 2nd switching element 2 becomes off (the 1st switching element 1 is still ON 
succeedingly), discharge of the energy stored in the direct-current inductance 17 starts, and a current flows like drawing 

4 to the secondary of the 1st transformer 20. Thereby, to the primary side, the current which went via the 1st switching 
element 1 from the 2nd flywheel diode 6 flows (the current which returns via flywheel diode in this way is henceforth 
called a "flywheel current"). Since the 3rd and 4th switching element 3 and 4 is [ both ] off, a current does not flow to 
the 2nd transformer 21 . 

[0020] The 3rd switching element 3 is turned on by time-of-day t3 <=t<t4. Since this period and the 1st and 3rd 
switching element 1 and 3 are turned on, thereby, discharge of the energy stored in the direct-current inductance 17 is 
bisected, as shown in dra win g 5 . That is, while a current divides into two and flowing by the secondary of the 1st and 
2nd transformer 20 and 21, a flywheel current also bisects a primary side in the circuit which goes via the 2nd flywheel 
diode 6 and 1st switching element 1, and the circuit which goes via the 4th flywheel diode 8 and 3rd switching element 
3, and it flows in it. 

[0021] By time-of-day t4 <=t<t5, if the 1st switching element 1 is turned off, discharge of the energy currently stored in 
the direct-current inductance 17 and the flywheel current by the side of primary will flow to the 2nd transformer 21 side 
altogether, as the continuous-line arrow head of drawin g 6 shows. And at this time, the energy which the excitation 
inductance of the 1st transformer 20 has discharges to hard flow to the 1st diode 13 for rectification via the secondary 
coil of the 2nd transformer 21, and the 2nd diode 14 for rectification, as this drawing broken-line arrow head shows, a 
current flows to carrier disappearance and the 1st diode 13 for rectification becomes off. When the 1st diode 13 for 
rectification is turned off, as the discharge root of the excitation energy of the 1st transformer is lost and the broken-line 
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arrow head of d rawin g 7 shows this excitation energy, DC power supply 5 are regenerated via the 1st and 2nd flywheel 
diode 7 and 6 from a primary side, and the 1st transformer 20 returns to the original condition (reset). 
[0022] By time-of-day t5 <=t<t6, the 4th switching element 4 is turned on, as shown in drawin g 8 , the 2nd transformer 
21 is excited, a current flows to the 2nd diode 14 for rectification, and energy is stored in the direct-current inductance 
17. By time-of-day t6 <=t<t7, the 4th switching element 4 is turned off and the flywheel current discharge of the energy 
currently stored in the direct-current inductance 17 and by the side of [ the 2nd transformer 21 ] primary flows like 
drawin g 9 . The 1st switching element 1 is turned on by time-of-day t7 <=t<t8, it divides into two and discharge of the 
energy of the direct-current inductance 1 7 and the flywheel current by the side of primary flow, as shown in drawing 
10. 

[0023] By time-of-day t8 <=t<t9, the 3rd switching element 3 is turned off, and discharge of the energy of the direct- 
current inductance 17 and the flywheel current by the side of primary flow to the 1st transformer 20 side altogether, as 
the continuous-line arrow head of drawing 1 1 shows. At this time, the excitation energy stored in the excitation 
inductance of the 2nd transformer 21 discharges to hard flow to the 2nd diode 14 for rectification via the secondary coil 
of the 1st transformer 20, and the 1st diode 13 for rectification, as the paragraph 0021 described, and the broken-line 
arrow head of drawing 1 1 shows, and the 2nd diode 14 for rectification serves as OFF. If the 2nd diode 14 for 
rectification is turned off, as the discharge root of the excitation energy of the 2nd transformer 21 is lost and the broken- 
line arrow head of drawing 12 shows this excitation energy, DC power supply 5 will be regenerated via the 3rd and 4th 
flywheel diode 9 and 8, and the 2nd transformer 21 will return to the original condition. 

[0024] Actuation of tl-t9 is henceforth repeated in one period of actuation of the above of this circuit. Drawing 13 
shows the current which flows to the 1st and 2nd diode 13 and 14 for rectification, and what compounded two currents 
flows to load resistance 18. Thus, commutation is controllable to arbitration by controlling the inverter section by the 
side of primary. 

[0025] In drawing 6 , the reverse recovery property of the 1st diode 13 for rectification is looked at. As the paragraph 
0021 described, in this period, the secondary coil of the 2nd transformer 21 and the 2nd diode 14 for rectification go, 
and the excitation energy which the excitation inductance of the 1st transformer 20 has discharges to hard flow to the 1st 
diode 13 for rectification. Since there are a lot of carriers in the 1st diode 13 for rectification at this time, a period until 
this disappears, and a big reverse current flow. Although the time quadrature value of this reverse current is called 
"reverse recovered charge Qrr", with the diode for large power to be used, almost, this was decided and can acquire that 
numeric value from catalog data etc. 

[0026] Time amount required for reverse recovery and "reverse recovery time trr" can be found from reverse recovered 
charge Qrr and reverse recovery current Irr. Since the reverse recovery current Irr in the circuit of the gestalt of this 
operation was equivalent to the secondary reduced property of the exciting current of the 1st transformer 20 and reverse 
recovered charge Qrr was decided, reverse recovery time trr is found. What is necessary is to be that (for the effect of 
the temperature change of the diode for rectification etc. to be considered, and for a setup which expected sufficient 
allowances to be required for reverse recovery time trr and a switching period in practice) which can be made into the 
"maximum "on" period" of switching of the remaining time amount which lengthened this reverse recovery time trr 
from a part for the half period of actuation of a circuit, and just to apply residual time to reverse recovery time trr after 
the maximum "on" period setup. 

[0027] Reverse recovery current Irr by adjusting the excitation property in design / manufacture process of the 1st 
transformer 20 By making small the leakage inductance LI of the transformer which can adjust to a suitable value and 
contains the parasitism inductance in a circuit 1/2, Irr2, and LI can be made small, and it leads also to reduction of the 
power loss produced in the resistance in the switching loss snubber circuit 15 connected to the 1st diode 13 for 
rectification at juxtaposition produced to the 1st diode for rectification. A snubber circuit 15 can also be lost. Moreover, 
in drawing 1 1 , it can say that it is the same as that of**** also about the 2nd transformer 21, the 2nd diode 14 for 
rectification, and the snubber circuit 16 connected to juxtaposition at it. 

[0028] gestalt 2. of operation « the gestalt 2 of implementation of this invention performs different control to the same 
circuit as the gestalt 1 of the above-mentioned operation. The timing of ON/OFF of each switching element is shown in 
drawing J 4 . Since time-of-day tO <=t<t7 is the same as that of the gestalt 1 of operation, it omits explanation ( drawing 
1 , three to 9 reference). By time-of-day t7 <=t<t8, the 2nd switching element 2 is turned on, it divides into two and 
discharge of the energy of the direct-current inductance 17 and the flywheel current by the side of primary flow, as 
shown in drawing 15 . With the gestalt of this operation, splitting is carried out to a primary side at 1st, 4th flywheel 
diode 7, and 8 side to carrying out splitting to 2nd, 4th flywheel diode 6, and 8 side like drawing 10 with the gestalt 1 of 
operation. 

[0029] By time-of-day t8 <=t<t9, the 3rd switching element 3 is turned off, and the flywheel current discharge and by 
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the side of [ the energy of the direct-current inductance 17 ] primary flows to the 1st transformer 20 side altogether, as 
the continuous-line arrow head of dra wing 16 shows. At this time, the excitation energy stored in the excitation 
inductance of the 2nd transformer 21 discharges to hard flow to the 2nd diode 14 for rectification via the secondary coil 
of the 1st transformer 20, and the 1st diode 13 for rectification, as a broken-line arrow head shows, and it becomes off 
[ the 2nd diode 14 for rectification ]. If the 2nd diode 14 for rectification becomes off, the discharge root of the 
excitation energy of the 2nd transformer 21 will be lost, this excitation energy will be revived by DC power supply 5 via 
the 3rd and 4th flywheel diode 9 and 8, and the 2nd transformer 21 will return to the original condition. 
[0030] In time-of-day t9 <=t<tl0, the 1st switching element 1 is turned on, and since the same actuation as time-of-day 
tl <=t<t2 is carried out, explanation is omitted (refer to drawing 3 ). By time-of-day tlO <=t<tl 1, it is turned off, the 
energy stored in the direct-current inductance 17 flows via the 1st diode 13 for rectification like drawing 17 , and the 1st 
switching element 1 flows via the 1st flywheel diode 7 at a primary side. The energy of the direct-current inductance 17 
is shunted toward the 1st and 2nd transformer 20 and 21 like [ in time-of-day tl 1 <=t<tl2 / the 4th switching element 4 
is turned on and ] drawin g 18 , and carries out splitting to the 1st and 3rd flywheel diode 7 and 9 in a primary side. 
[0031] By time-of-day tl2 <=t<tl3, the 2nd switching element 2 is turned off, and the flywheel current discharge and by 
the side of [ the energy of the direct-current inductance 17 ] primary flows to the 2nd transformer 21 side altogether, as 
the continuous-line arrow head of drawin g 1 9 shows. At this time, the excitation energy of the 1st transformer 20 
discharges, as a broken-line arrow head shows, and it flows to hard flow to the 1st diode 13 for rectification, and the 1st 
diode 13 for rectification becomes off. If the 1st diode 13 for rectification becomes off, the discharge root of the 
excitation energy of the 1st transformer 20 will be lost, this excitation energy will be revived by DC power supply 5 via 
the 1st and 2nd flywheel diode 7 and 6, and the 1st transformer 20 will return to the original condition. 
[0032] In time-of-day tl 3 <=t<tl4, the 3rd switching element 3 is turned on, and since the same actuation as time-of- 
day t5 <=t<t6 is carried out, explanation is omitted (refer to drawing 8 ). By time-of-day tl4 <=t<tl5, the 3rd switching 
element 3 is turned off, and the energy of the direct-current inductance 17 flows via the 2nd diode 14 for rectification, as 
shown in drawing 20 , and it flows via the 3rd flywheel diode 9 at a primary side. By time-of-day tl 5 <=t<tl6, the 1st 
switching element 1 is turned on, and as shown in drawing 21 , splitting of the energy of the direct-current inductance 
17 is carried out to the 1 st and 2nd transformer 20 and 21 . 

[0033] By time-of-day tl6 <=t<tl7, the 4th switching element 4 is turned off, and the flywheel current discharge and by 
the side of [ the energy of the direct-current inductance 17 ] primary flows to the 1st transformer 20 side altogether, as 
the continuous-line arrow head of drawing 22 shows. The excitation energy of the 2nd transformer 21 discharges, as a 
broken-line arrow head shows, and it flows to hard flow to the 2nd diode 14 for rectification, and the 2nd diode 14 for 
rectification becomes off. If the 2nd diode 14 for rectification becomes off, the discharge root of the excitation energy of 
the 2nd transformer 21 will be lost, DC power supply 5 will be regenerated via the 3rd and 4th flywheel diode 9 and 8, 
and the 2nd transformer 21 will return to the original condition. 

[0034] The above repeats actuation of tl-tl 7 henceforth in actuation for one period, with the gestalt of this operation, 
the flywheel current in 1 period is shown in drawin g 4 -6, and 9, 15-22, without inclining toward specific flywheel diode 
— as — the 1- it is scattered in time by the 4th flywheel diode 7, 6, 9, and 8, and thermally, duty is equated and it is 
mitigated. 

[0035] The circuit diagram in the gestalt 3 of the implementation of this invention to gestalt 3. drawing 23 of operation 
is shown. It is only that the connection sequence of the secondary coil 72 of the 1st transformer 20 and the 1st diode 14 
for rectification differs compared with the circuit diagram of drawing 1 , therefore the same electrical operation as the 
circuit of dra win g 1 is carried out. In drawing, it is the leg of the 1st and 2nd transformer 20 and 21, and a cross section 
is formed in a square thru/or a rectangle, drawing 24 is the sectional view showing the structure of the 1st and 2nd 
transformer 20 and 21 of the circuits shown in drawing 23 , and the 1st and 2nd diode 13 and 14 for rectification, and 
they are arranged [ 70 and 71 counter in parallel mutually and ]. In addition, although every one leg 70 and 71 each is 
illustrated, a leg is also out of illustration and magnetic flux circulates through it. Using the plate-like conductor, the 
secondary coils 72 and 73 of the 1st and 2nd transformer 20 and 21 are formed so that it may coil around the periphery 
side of legs 70 and 71. In addition, in this drawing, illustration of the primary coil of the 1st and 2nd transformer 20 and 
21 is omitted. 

[0036] 74 is a cooling plate for cooling the 1st and 2nd diode 13 and 14 for rectification, and the 1st and 2nd diode 13 
and 14 for rectification is arranged so that it may be united with the 1st and 2nd transformer 20 and 21 through a cooling 
plate. 75 and 76 are the output terminals by the side of P which consisted of parallel plates, and N, they sandwich an 
insulating material 77 in between, make a flat side counter, and are unified, the secondary coils 72 and 73 in the field 
where legs 70 and 71 countered — it connects with the form where the output terminals 75 and 76 by the side of P and N 
were pulled out, from each end. While the both ends of the 1st diode 13 for rectification are connected to the other end 
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of the secondary coil 72 of the 1st transformer 20, and the N side output terminal 76, respectively, the both ends of the 
2nd diode 14 for rectification are connected to the other end of the secondary coil 73 of the 2nd transformer 21, and the 
P side output terminal 75, respectively. 

[0037] By adopting above-mentioned structure, it applies to the output terminals 75 and 76 by the side of P and N from 
the opposite section of the secondary coils 72 and 73 of the 1st and 2nd transformer 20 and 21, and opposite 
arrangement of the conductor of each other is carried out, therefore the same effectiveness as a capacitor arises, the 
impedance of an output transmission line becomes low, and the harmonic content contained in output power is 
decreased. Moreover, the distance of the 1st and 2nd transformer 20 and 21 and the 1st and 2nd diode 13 and 14 for 
rectification becomes near, equipment is miniaturized, the parasitism inductance of a circuit also becomes small, and the 
reverse recovery loss (switching loss) in the reverse recovery property of the 1st and 2nd diode 13 and 14 for 
rectification is reduced by it. The time amount which commutation furthermore takes can be shortened and switching 
which is high frequency more can be performed. In addition, also in the circuit of drawing 1 , it can be made the same 
compact configuration as drawing 24 by connecting each part according to the circuit. 

[0038] Gestalt 4. drawing 25 of operation is the circuit diagram showing the gestalt 4 of implementation of this 
invention, and in drawing, since 5, 17, 18, 20-25 are the same as that of the case of the gestalt 1 of operation, they omit 
explanation, the 1- by which parallel connection of the 1st - the 8th switching element, and 38-45 was carried out for 30- 
37 to the 1st - the 8th switching element — it is the 8th flywheel diode and 2 circuitry of the full bridge inverter is carried 
out by these. Namely, while connecting the anode plate side of the 2nd, 4th, 6th, and 8th flywheel diode 39, 41, 43, and 
45, respectively the cathode side of the 1st, 3rd, 5th, and 7th flywheel diode 38, 40, 42, and 44 The anode plate side of 
the 1st, 3rd, 5th, and 7th flywheel diode 38, 40, 42, and 44 is collectively connected to the anode plate of DC power 
supply 5. The cathode side of the 2nd, 4th, 6th, and 8th flywheel diode 39, 41, 43, and 45 is collectively connected to 
the cathode of DC power supply 5. The primary coil 82 of the 1st transformer 20 was connected with the 1st between 
both cathode the 3rd flywheel diode 38 and 40 sides, and the primary coil 83 of the 2nd transformer 21 is connected 
with the 5th between both cathode the 7th flywheel diode 42 and 44 sides. 

[0039] 46-48 are the 1st as a switching element with rectification capacity - the 4th thyristor. While antiparallel 
connection of the 1st and 3rd thyristor 46 and 48 is carried out, it constitutes the 1st rectifier and is connected to the 
secondary coil 72 of the 1st transformer 20 Antiparallel connection of the 2nd and 4th thyristor 47 and 49 is carried out, 
it constitutes the 2nd rectifier, and is connected to the secondary coil 73 of the 2nd transformer 21. And these output 
sides are arranged in parallel, and are connected to load resistance 18. 

[0040] Actuation is explained. First, if the 1st and 4th switching element 30 and 33 is turned on and turns ON the 1st 
thyristor 46 synchronizing with this, as shown in dra win g 25 , a current will flow, and energy will be stored in the 
direct-current inductance 17. If the 4th switching element 33 is turned OFF, as shown in drawing 26 , the discharge from 
the direct-current inductance 17 will start. Next, if the 5th switching element 34 becomes and turns ON the 2nd thyristor 
47 with ON synchronously, both the currents that were flowing to the secondary will be bisected a primary side like 
drawing 27 . 

[0041] If the 1st switching element 30 is turned off, the current which was flowing to the secondary will flow to the 2nd 
transformer 21 side altogether a primary side, as the continuous-line arrow head of draw ing 28 shows. At this time, it 
discharges, as the excitation energy of the 1st transformer 20 shows by the broken-line arrow head, and the turn-off of 
the 1st thyristor 46 is carried out. If the 1st thyristor 46 turns off, the excitation energy of the 1st transformer 20 will be 
revived by DC power supply 5 like the broken-line arrow head of drawin g 29 , and the 1st transformer 20 will return to 
the original condition. 

[0042] The above is a part for a half period of operation, it operates also to another side (actuation which impresses an 
electrical potential difference to the 2nd transformer 21 from DC power supply 5 through the 5th and 8th switching 
element 42 and 45, and actuation following this), and transfer of power of the square Mukaide force can be performed to 
load resistance 1 8 by repeating this. 

[0043] Next, the actuation which performs transfer of power of the negative direction is explained. First, if the 2nd and 
3rd switching element 31 and 32 becomes and turns ON the 3rd thyristor 48 with ON synchronously, a current will flow 
like drawing 30 and energy will be stored in the direct-current inductance 17. If the 2nd switching element 31 is turned 
OFF, the discharge from the direct-current inductance 17 will start like drawing 3 1 . Next, if the 7th switching element 
36 becomes and turns ON the 4th thyristor 49 with ON synchronously, a current will be bisected like drawing 32 . 
[0044] If the 3rd switching element 32 is turned off, the current which was flowing to the primary secondary will flow 
to the 2nd transformer 21 side like the continuous-line arrow head of drawin g 33 . The excitation energy of the 1st 
transformer 20 discharges like a broken-line arrow head, and the turn-off of the 3rd thyristor 48 is carried out. Then, the 
excitation energy of the 1st transformer 20 is revived by DC power supply 5 like the broken-line arrow head of drawing 
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34 , and the 1st transformer 20 returns to the original condition. The above is a part for a half period of operation, it 
operates also to another side and transfer of power of the negative direction output can be performed to load resistance 
18 by repeating this. 

[0045] furthermore, both positive/negative as shown in drawin g 35 by repeating by turns the actuation explained not 
only in one of forward or negative transfer of power but in the paragraphs 0038-0042, and the actuation explained in 
paragraphs 0043 and 0044 by desired time amount — transfer of power of the Mukaide force can be performed. Such an 
output especially is very effective to bright plating and PR plating used for electrolytic degreasing, exfoliation, etc. In 
addition, also in the gestalt of this operation, it has the effectiveness same with having explained to paragraphs 0025- 
0027. 

[0046] Gestalt 5. drawing 36 of operation is the circuit diagram showing the gestalt 5 of implementation of this 
invention, and in drawing, since 5, 13-18, and 20-25 are the same as that of the case of the gestalt 1 of operation, they 
omit explanation. It is the 6th flywheel diode. 50-53 - the 1st - the 4th switching element, and 54, 55, 58, 59, 56 and 60 
- the 1- The anode plate of the 1st and 3rd flywheel diode 54 and 58 at the end of the 1st and 3rd switching element 50 
and 52 Node B It connects by D and the cathode of the 2nd and 4th flywheel diode 55 and 59 is connected to the end of 
the 2nd and 4th switching element 51 and 53 in Nodes C and E. And while the other end of the 1st and 3rd switching 
element 50 and 52 and the cathode of the 2nd and 4th flywheel 55 and 59 bundle up in Node A and are connected to the 
anode plate of DC power supply 5, the other end of the 2nd and 4th switching element 5 1 and 53 and the cathode of the 
1st and 3rd flywheel diode 54 and 58 bundle up in Node F, and are connected to the cathode of DC power supply 5. 
[0047] 62 and 63 are the 1st and 2nd reactor, and while the 1st primary coil 82 and 1st reactor 62 of a transformer 20 are 
connected to a serial during Nodes B and C, the 2nd primary coil 83 and 2nd reactor 63 of a transformer 21 are 
connected to the serial during Nodes D and E. The diode for large power is used for the 5th and 6th flywheel diode 56 
and 60, the 5th flywheel diode 56 is connected between the node of the primary coil 82 of the 1st transformer 20, and 
the 1st reactor 62, and Node A, and the 6th flywheel diode 60 is connected between the node of the primary coil 83 of 
the 2nd transformer 21, and the 2nd reactor 63, and Node A. 

[0048] 64 and 66 are the capacitors for snubber circuits and resistance to the 5th flywheel diode 56, and diode 57 is 
connected between a mutual node and the cathode of the 5th flywheel diode 56. 65 and 67 are the capacitors for snubber 
circuits and resistance to the 6th flywheel diode 60, and diode 61 is connected between a mutual node and the cathode 
of the 6th flywheel diode 60. 

[0049] Actuation is explained. First, the 1st and 2nd switching element is turned on, and a current flows like drawin g 
36 . Next, if these two switching elements are turned off, a current will flow like drawing 37 and the energy of the 
direct-current reactance 17 of a secondary will be revived by DC power supply 5 through the 1st and 2nd flywheel diode 
54 and 55. Since it passes along the 1st reactor 62 by the primary side at this time, flowing current inclination di/dt of a 
current is controlled and, for this reason, current inclination di/dt of a secondary is also controlled. 
[0050] If the 3rd switching element 52 is turned on, like the continuous-line arrow head of drawing 38 , it will 
commutate to the 2nd transformer 21 side by the secondary, and a current will flow via the 6th flywheel diode 60 by the 
primary side. Since the excitation energy of the 1st transformer 20 discharges in the path of a broken-line arrow head 
with it and it passes along the 1st reactor 62 by the primary side, current inclination di/dt is controlled like **** and 
di/dt of the current for secondary conversion of the excitation energy impressed to the 1st diode 13 for rectification to 
hard flow is also controlled, for this reason, the hard flow recovery charge Qrr of the 1st diode 13 for rectification — 
small - becoming - getting it blocked a reverse current Irr and the backward recovery time trr become small. 
Consequently, hard flow loss (switching loss) becomes small, and the power loss produced in the snubber circuit 15 
connected to juxtaposition also becomes small. 

[0051] Next, if the 4th switching element 53 is turned on, power will be transmitted like the continuous-line arrow head 
of draw in g 39 . Although a current flows like the broken-line arrow head of drawing 39 until this carrier disappears 
since a current flows like a continuous-line arrow head by drawing 38 to the 6th flywheel diode 60 and the carrier is 
accumulated Since it passes along the 2nd reactor 63, di/dt of this reverse current is controlled, therefore like the 
explanation about the 1st above-mentioned diode 13 for rectification, the hard flow recovery charge Qrr is small, 
namely, hard flow loss (switching loss) has it. [ small ] If the are recording carrier of the 6th flywheel diode 60 
disappears and this is turned off, the energy stored in the capacitor 65 for snubbers will discharge via diode 61 like the 
broken-line arrow head of drawing 40 . Completion of discharge of the capacitor 65 for snubbers transmits power like 
drawing 41 . 

[0052] Next, if the 3rd and 4th switching element 52 and 53 is turned off to coincidence, the energy of the direct-current 
inductance 17 will be revived by DC power supply 5 like d rawin g 42 . Since the current at this time also goes via the 
2nd reactor 63, di/dt is controlled and di/dt of a current which flows to the 2nd diode 14 for rectification of a secondary 
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is also controlled. 

[0053] If the 1st switching element 50 is turned on, the current which the discharge root of the direct-current inductance 
17 commutated to the 1st transformer 20 side by the secondary, and went via the 5th flywheel diode 56 by the primary 
side like the continuous-line arrow head of drawin g 43 will flow. The excitation energy of the 2nd transformer 2 1 
discharges in the path of a broken-line arrow head with it. Since it passes along the 2nd reactor 63 by the primary side, 
current inclination di/dt is controlled, di/dt of the current for secondary conversion of the excitation energy impressed to 
the 2nd diode 14 for rectification to hard flow is also controlled, the hard flow recovery charge Qrr becomes small, 
therefore hard flow loss becomes small, it combines and the power loss produced in a snubber circuit 16 also becomes 
small. 

[0054] Then, since a current flows like the continuous-line arrow head of drawing 44 , and it goes via the 1st reactor 62 
according to the carrier storage effect to it like [ diode / flywheel / previous / 6th / 60 ] explanation although a current 
flows like a broken-line arrow head to the 5th flywheel diode 56 if the 2nd switching element 51 is turned on, di/dt of 
this current is controlled, and the hard flow power loss of the 5th flywheel diode 56 becomes small. If the 5th flywheel 
diode 56 is turned off, the energy currently stored in the capacitor 64 for snubbers will discharge via diode 57 like the 
broken-line arrow head of drawing 45 . If this discharge is completed, it will return to drawing 36 and power will be 
transmitted. Direct current power is transmitted by repeating the above actuation. In addition, to the circuit of the gestalt 

4 of operation, the 1st and 2nd reactor 62 and 63 may be formed in the primary coils 82 and 83 like the gestalt of this 
operation at a serial, and there is same effectiveness. 

[0055] gestalt 6. of operation - the gestalt 6 of this operation is made into the circuitry which replaced with what 
showed the secondary to the gestalt 4 of operation, namely, replaced rectifier diode with the thyristor reverse-arranged 
in parallel in the circuitry of the gestalt 5 of operation. Fundamental actuation is the same as that of the gestalt 4 of 
operation. Although the flow of a current starts near the gate and the thyristor extends flow area gradually first when 
igniting (ON), the ON state current concentrates on the part of the cathode side which approached the gate electrode as 
the standup of the ON state current which flows immediately after a turn-on is steep, current density and power flux 
density become excessive, and there is a possibility that the temperature of the part may rise too much. 
[0056] Moreover, a thyristor is in an order inhibition (off) condition, and when a steep electrical potential difference is 
impressed between anode plate-cathode, it has the property turned on below with static breakover voltage. Moreover, if 
the temperature of a thyristor component rises, this breakover voltage will become low. The turn-on by rise-rate-of- 
critical-off-state-voltage dv/dt has a possibility of destroying a thyristor by malfunction (for example, failure in the 
commutation accompanying a break through) of a circuit, or forward direction ON state current R/C di/dt just behind a 
turn-on. Since it was above, RF operation in the rectifier circuit which used the thyristor was made difficult. 
[0057] Like the gestalt of this operation, the forward current of a thyristor can control that di/dt with the 1st or 2nd 
reactor 62 and 63, and R/C dv/dt of ON state voltage can be controlled in the circuit which combined the gestalten 4 and 

5 of operation by discharge of the capacitors 64 or 65 of the snubber circuit added to the 5th and 6th flywheel diode 56 
and 60. As mentioned above, the output of positive/negative both directions can be performed and the small higher 
equipment of an operation frequency can be realized. 

[0058] gestalt 7. of operation - the gestalt of this operation - the gestalt 3 of operation - setting ~ the connecting 
location of the 1st and 2nd diode 13 and 14 for rectification - changing - these - the secondary coils 72 and 73 of the 
1 st and 2nd transformer 20 and 21 — on the way — making it for it to be alike and connect, drawin g 46 is that sectional 
view. Without spoiling electrical characteristics by carrying out like this, it can be concerned with the location of output 
terminals 75 and 76, and the 1st and 2nd diode 13 and 14 for rectification can be formed in the location of arbitration 
that there is nothing. For example, the 1st [ which requires a maintenance ], and 2nd diode 13 and 14 for rectification 
can be arranged in a front face, and output terminals 75 and 76 can be arranged at a tooth back. Of course, electrical 
operation is the same as that of the case of the gestalt 3 of operation. 

[0059] Gestalt 8. drawing 47 of operation is the perspective view showing the gestalt 8 of operation, and in the gestalt 7 
of operation, when using by making two or more rectifying devices juxtaposition respectively as 1st and 2nd diode for 
rectification, it is related. Drawing shows only the 1st transformer 20 side. While constituting the 1st diode 13 for 
rectification from two rectifying devices 68 and 69, it cuts deeply in the direction in which the current of the secondary 
coil 72 flows, 78 is prepared, and rectifying devices 68 and 69 are connected to each part divided by slitting 78. Slitting 
78 is formed in the part order both sides which connect rectifying devices 68 and 69, or one side. The 2nd transformer 
21 side is also made the same. By carrying out like this, the bias of the current by dispersion in the property between a 
rectifying device 68 and 69 etc. is mitigable. Fundamental electrical operation is the same as that of the gestalt 7 of 
operation. Moreover, any number of numbers of juxtaposition of a rectifying device are good, and choose the number of 
slitting with the number. In addition, also in the case of the gestalt 3 of operation, the same slitting can be prepared, and 
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there is the same effectiveness as the above in it. 
[0060] 

[Effect of the Invention] Since this invention is constituted as mentioned above, in order not to impress an active (based 
on impression of supply voltage) reverse current suddenly from the forward direction current of the rectifier of a 
secondary, The current of the very big letter of a spike which flows when the switching element generated with 
conventional equipment changes is not passed. Therefore, the loss produced in a switching element or a rectifier and a 
noise can be reduced, it is effective also in the cure against electromagnetic wave disorder, and RF operation of 
equipment is attained. Furthermore, since the surge voltage generated with the current of the letter of a spike and the 
leakage inductance of a transformer is controlled, a pressure-proof low component can be used, it is small or a snubber 
circuit can also be lost. Moreover, the whole equipment can be miniaturized from those things. 

[0061] Furthermore, di/dt of a current which flows to each part is controlled by putting a reactor into the primary coil of 
a transformer at a serial. Therefore, since reverse recovery current Irr and reverse recovered charge Qrr become small, 
reverse recovery loss (switching loss) becomes small, and the noise electrical potential difference (Vnoise=Ll- (di/dt)) 
to generate also becomes small. Furthermore, since the switching loss of the inverter section becomes small, RF-izing 
and a miniaturization can be performed. Moreover, many problems which the forward direction ON state current R/C 
and the rise rate of critical off-state voltage produce in the rectifier circuit using a low component, for example, a 
thyristor, can be solved, operation becomes possible by the RF more using such a component, and equipment can be 
miniaturized. Moreover, the output of positive/negative both directions can be obtained by making reverse juxtaposition 
a switching element with rectification capacity like a thyristor, and constituting the rectifier of a secondary. 
[0062] Moreover, while equipment is miniaturized by constituting an output terminal from an parallel plate, and pulling 
out an output terminal from the opposed face of the leg of the 1st and 2nd transformer, and arranging the 1st and 2nd 
rectifier in one with the 1st and 2nd transformer, the impedance of an output transmission line becomes low, the high 
frequency component of an output decreases, reverse recovery loss decreases, and operation by the RF is attained more. 
Furthermore, the 1st and 2nd rectifier can be arranged in the location of arbitration by connecting the 1st and 2nd 
rectifier in the middle of the 1st and 2nd transformer coil. Furthermore, the bias of the current by dispersion between 
rectifying devices is mitigable by putting slitting into the secondary coil of the 1st and 2nd transformer, and connecting 
a rectifying device to each part divided by this slitting. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 


1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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